found from sound dispersion measurements that at ordinary temperatures, in exciting the lower vibrational states of ethylene, collisions between hydrogen and ethylene molecules were ten times as effective, and collisions between deuterium and ethylene molecules 1*27 times as effective as collisions between ethylene molecules themselves. This means that hydrogen is about eight times as effective as deuterium. The specific effects of foreign gases in facilitating the interconversion of trans lational and vibrational energy as determined from measurements of the velocity of sound in the mixtures, have been explained by Franck and Eucken (1933) in terms of the chemical affinity between the colliding partners. This can however scarcely explain the results of Richards. The difference which he observed between hydrogen and deuterium seems to exclude any explanation for the superiority of hydrogen based on chemical affinity.
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The specific effect of hydrogen in activating molecules in unimolecular decompositions has been described in previous communications from this laboratory (Hinshelwood 1927; Hinshelwood and Askey 1927; Hinshelwood and Staveley 1936) . The comparison of hydrogen with helium seemed to suggest that the difference could not be explained by differences of mass and velocity but rather by differing chemical properties. It seemed that the comparison of the effect of hydrogen with that of deuterium would provide significant information, and that the comparison with the results of Richards would be of interest.
The unimolecular velocity constant for the thermal decomposition of diethyl ether begins to fall off in a convenient pressure range, and the effect of hydrogen in maintaining the unimolecular constant at low partial pres sures of the ether is clearly shown. For this reason diethyl ether was chosen for the investigation. Staveley and Hinshelwood (1936) showed that in the ordinary thermal decomposition, chains of a mean length between three and four units were involved. To eliminate the influence of these chains, the experiments were made in the presence of 5 mm. of nitric oxide.
The essential result (Table III) is that, at 525° C., with the inhibited reaction in the low pressure region, deuterium has, within the limits of experimental error, no effect on the rate of reaction, whereas the addition of more than 400 mm. of hydrogen increases the rate to the value found with a high initial pressure of diethyl ether. This result provides definite evidence against any purely chemical explanation of the hydrogen effect.
An important factor governing specific energy transfers, is the mutual disturbance of the potential energy curves of the colliding molecules. Deuterium could not have an effect very different from hydrogen in this respect, as the electronic configurations of the two molecules are practically identical. The effect observed focuses attention primarily on the mass differences. This leads to a difference in the collision number of 1-4 times, and to a difference in the zero point energy which would correspond to a ratio of reaction rates of about two. Neither of these factors however nor a com bination of both would account for the observations. Nevertheless, it is possible with the aid of certain quite general assump tions about the conditions governing energy transfer to see how a small difference in mass could exert a very greatly magnified effect.
The necessary assumptions are not directly provable or disprovable but are not inherently improbable.
First it would have to be assumed that energy transfer only occurs during collisions, the duration of which is considerably greater than the average. This might arise from the fact that conditions were only favourable for energy transfer when the colliding molecules had reached a certain phase of vibration, the time required for this being in general greater than the colli sion time. If t is the time required for the suitable phase to be reached and 6 the average duration of a collision, the probability of an encounter the duration of which exceeds t is given by the statistical formula e~t/0. If t is increased to cct, the probability decreases in the ratio When tjd is great, the change in probability for a given value of a becomes very large. Now it might happen that t became smaller as the mass of one of the colliding partners was reduced. For example, if the frequency of the hydrogen or deuterium vibrations, or of the vibration of any bond involving a hydrogen or deuterium atom were concerned in the operations leading up to the energy transfer, then t would be smaller for hydrogen than for deu terium in a ratio calculable in principle from the masses. If this were the case, then the small difference of mass introduced into the exponential formula would have an effect increasing indefinitely as the ratio of to 6 increased. For example, if the values of t varied as the square roots of the masses, a ratio of 5 to 1 for tjd would account for the whole of the observed dilference between hydrogen and deuterium. The mass function is doubtless much more complicated than this. Our only object is here to point out that a purely statistical factor might possibly magnify the mass differences enough to account for the observations without the introduction of hypo theses of an unusual or improbable nature.
At higher temperatures when the pressure of deuterium is greater than about 200 mm., there is a positive effect. This can be traced to the occurrence of an exchange reaction. 50 mm. of ether and 400 mm. of deuterium were allowed to react until no further pressure change occurred, a period of twelve hours. Assuming that there were 400 mm. of hydrogen plus deuterium present, and that the other gases were practically inert, the end products were used in making a fresh mixture of 50 mm. of ether and 200 mm. of hydrogen and deuterium. The initial rate observed when this reacted indicated the presence of 43 % hydrogen, since 200 mm. of pure deuterium had previously been shown to have little effect. To establish that even in the earlier stages of the reaction an exchange reaction occurred which would be capable of accounting for the apparent effect of deuterium at the higher temperature, samples of gas were taken during the course of the reaction. They were freed from gases other than hydrogen or deuterium by passage through a Pyrex trap immersed in liquid hydrogen, and then analysed by the microthermoconductivity method of Farkas. The results showed that during the reaction, 30-50 % of the deuterium was replaced by hydrogen.
When experiments are made without the addition of nitric oxide, deuterium is found to have a very considerable effect though less than that of hydrogen. This is probably due to the interaction of the deuterium with the radicals which are present, giving rise to deuterium atoms by reactions such as the following:
Free atoms should be highly efficient in causing energy transfers, and as their mobility is greater than that of the methyl or ethyl radicals from which they arise, there could be a larger number of collisions in which they could exert their effect. Besides exerting a direct catalytic effect, the deuterium atoms will certainly enter into exchange reactions leading to the formation of HD and eventually H2 molecules.
A similar principle will account for the fact that hydrogen in the absence of nitric oxide is quantitatively more efficient in increasing the reaction rate than it is when the nitric oxide is present, the difference representing probably a contribution from the hydrogen atoms. These facts are reflected in a certain increase of the mean chain length with increase in the pressure of hydrogen or deuterium. This effect, however, diminishes with increasing pressure of the ether. In connexion with this reaction R + H whether the hydrogen atoms contributing to the subsequent decomposition of the ether can be as easily removed by nitric oxide as the radicals them selves. This can be tested by measuring the amount of nitric oxide required to reduce the decomposition rate to a given fraction of its original value. The measurements (Table VI) show that this amount is nearly the same whether hydrogen is present or not. From this we may conclude that nitric oxide is equally efficient as a chain breaker in reactions involving either organic radicals alone or radicals and hydrogen atoms. This work having reopened the question of the influence of hydrogen on unimolecular reactions it seemed worth while to fill in a gap left in the earlier work, and to determine a temperature coefficient for the reaction in the presence of hydrogen. 50 mm. of ether were used and 300 mm. of hydrogen. The results given in Table VII lead to an activation energy of 60,000 cal. These measurements were not made with addition of nitric oxide, so that the activation energy is uncorrected for variation of chain length, and has not a direct physical significance. It is however directly com parable with the value found by Fletcher and Rollefson (1936) for the same ether pressure in the absence of hydrogen, namely 59,900. This supports other arguments in favour of the view that the action of the hydrogen is a physical one.
The experimental method was that normally used, but a few details call for mention. The temperature scale was established by direct calibration in terms of the rate of reaction of diethyl ether using previous results from this laboratory. The two extreme temperatures at which measurements were made correspond to times for a pressure increase of 50 % of the initial pressure of 93 and 323 sec. respectively. On this scale the maximum tem perature deviation during measurements corresponds to time differences of ± 2 sec. and ± 8 sec. respectively.
Deuterium was prepared by electrolysis of heavy water of 99-6 % purity to which a small piece of metallic sodium was added, freed from oxygen by passing over a red hot tungsten spiral, and dried by passage through a trap immersed in liquid air. The hydrogen used was electrolytic hydrogen from a cylinder, purified and dried in the same way.
The numerical data upon which the preceding statements and discussion are based are collected in the following tables.
We are greatly indebted to Professor Simon and to Dr. Rollin for gifts of liquid hydrogen and for help with its manipulation.
Summary
At 525° C. deuterium has been found to be less than one-tenth as efficient as hydrogen in activating molecules by collision in the chain-free decom position of diethyl etlier. At higher temperatures there is a positive effect but this can be traced to exchange reactions which give hydrogen.
The influence of hydrogen and of deuterium on the reaction in which the free radicals are not suppressed has also been further investigated.
The results are discussed. 
